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A detailed description with diagrams (if necessary) is required in this section.  
 
 You must explain your answers fully. 
 




Question 1  (15%) 
 
 
Consider the emissions of primary concern from SI engines. 
 
a) What are they? 
(2%) 
 
b) List 5 aspects of engine design or operation that can help minimize emissions, briefly explaining 
how this is achieved for each. 
(5%) 
 
c) How does EGR affect emissions? Mention each type of emission in your answer. 
(3%) 
 
d) What are the two main parameters that affect the efficiency of a catalytic converter? 
Provide ideal values of these parameters for maximizing efficiency, and briefly mention how 
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Question 2  (10%) 
 
 
Consider a carbureted SI engine operating at 2000 rpm under constant load. The engine has been 
operating long enough to have achieved steady-state temperatures.   
 
a) Rank the following in order of lowest to highest temperature: 
 
• Exhaust valve 
• Piston face 
• Exhaust gas 
• Cylinder wall 
• Spark plug 
(2%) 
 
b) The engine speed is increased by reducing the load. It is observed that the rate of heat transfer 
from the combustion chamber in kW is slightly increased. Does this mean that indicated thermal 
efficiency is decreased? Explain your answer. 
(3%) 
 
c) The load on the engine is now increased above its original setting, but the throttle is opened 
further to keep speed constant at 2000 rpm. State the expected impact on (i) engine temperatures, 
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Question 3  (10%) 
 
 
Vehicles use a variety of engine types for their propulsion, including piston and gas turbine engines.    
 
a) Compare the approximate efficiency ranges achievable with gas turbine engines versus piston 
engines, and then explain why automobiles use piston engines instead of gas turbine engines.   
 (5%) 
 
b) Explain why high-bypass turbofans are generally used for commercial passenger aircraft, instead 
of turbojets (low-bypass gas turbine engine).  
(2%) 
 
c) Many modern helicopters are also powered by gas turbine engines. Would high-bypass turbofans 
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Question 4  (15%) 
 
 





a) Describe the basic configuration of the engine, including: 
 
 Direction of airflow (LeftRight or RightLeft) 
 Compressor type(s), including number of stages. 
 Number of turbine stages 
(5%) 
 
b) How many separate shafts does the engine have?  
Describe the function of each separate shaft.  
(3%) 
 
c) Is this engine designed for propulsion via exhaust gases? Explain your answer. 
(2%) 
 
d) Explain the two main functions of stators in axial compressors, with reference to their effect on 
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Section B 




Question 5 (15%) 
 
 
An SI engine is operating on the air-standard Otto cycle at WOT at 2500 RPM. Pressure and 
temperature at the cylinder at the start of compression are 90 kPa and 50°C respectively. 
The following parameters apply to the engine: 
 Compression ratio = 9.8 
 Crevice volume = 3.5% of Clearance Volume 
 Crevice temperature = constant at 160°C 
 Crevice pressure = equal to instantaneous cylinder pressure 
 Mass flow rate of fuel into engine = 0.0061 kg/s 
 Percentage of fuel mass trapped in crevice that exits exhaust unburned = 21%  




(a) The percentage of fuel trapped in the crevice volume at the end of compression. 
(5%) 
 
(b) Mass flow rate of unburned fuel in exhaust due to crevice volume, in kg/hr. 
(5%) 
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Question 6 (10%) 
 
 
A 2 cylinder 2-stroke SI engine is operating on an air-standard cycle. Peak pressure and 
temperature within the cylinder are 8200 kPa and 3200°C respectively. The temperature within the 




(a) Cylinder pressure just before exhaust blowdown occurs, in kPa. 
(5%) 
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Question 7 (15%) 
 
A compression ignition engine operates on a dual diesel cycle with a compression ratio of 22:1.  To ensure engine 
longevity, the maximum pressure to be developed in the engine is 10,000 kPa.  Light diesel fuel at an AF ratio of 
22:1 is used with a combustion efficiency of 98%.  The temperature and pressure of the mixture at the start of 
compression are 50°C and 98 kPa.   The use of common rail diesel technology on this engine allows for the 
variation of the cut-off and pressure ratios by electronically altering the injection timing. 
a) By varying the cut-off and pressure ratios, what is the maximum thermal efficiency possible under these 
conditions?  (10%) 
b) What is the maximum cycle temperature achieved under these conditions (in part a)?  (5%) 
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Question 8 (10%) 
 
 
Small gas turbines, say less than 500kW, generally use one or two stages of centrifugal compressor rather than 
axial flow compressors, whereas large mass flow rate, high pressure ratio gas turbines use axial flow compressors 
exclusively. 
a) What are the advantages offered by centrifugal compressors over axial flow compressors and why are 
they preferred in small gas turbines?  (2%) 
b) Why do axial flow compressors become necessary as flow rate and pressure ratio increase?  (3%) 
c) What are the three most common methods of increasing the operating speed range of the gas turbine 
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